12 United States Patent

US008180197B2

US 8,180,197 B2
May 15, 2012

(10) Patent No.:
45) Date of Patent:

(54)

(75)

(73)

(%)

(21)

(22)

(65)

(63)

(30)

(51)

(52)
(58)

Nagai et al.
METHOD AND APPARATUS FOR
RECORDING/REPRODUCING DIGITAL
VIDEQO SIGNAL OR AUDIO SIGNAL, AND
OPTICAL DISK APPARATUS
Inventors: Yutaka Nagai, Yokohama (JP);
Toshifumi Takeuchi, Tokyo (IP);
Shigemitsu Higuchi, Fujisawa (IP)
Assignee: Hitachi, Ltd., Tokyo (JP)
Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 1540 days.
Appl. No.: 11/644,891
Filed: Dec. 26, 2006
Prior Publication Data
US 2007/0104460 Al May 10, 2007
Related U.S. Application Data
Continuation of application No. 10/754,614, filed on
Jan. 12, 2004, now Pat. No. 7,174,092, which 1s a
continuation of application No. 09/517,174, filed on
Mar. 2, 2000, now Pat. No. 6,754,442,
Foreign Application Priority Data
Oct. 1, 1999  (JP) i, 11-281076
Int. CI.
HO4N 9/88 (2006.01)
HO4N 5/7824 (2006.01)
US.CL .., 386/263; 386/320
Field of Classification Search .................. 386/263,

386/320, 275,314, 323, 334
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

4,542,417 A 9/1985 Ohta

4,665,449 A * 5/1987 Kozukietal. .............. 360/77.13
5,134,499 A 7/1992 Sata

5,377,051 A 12/1994 Lane et al.

5,446,598 A 8/1995 Takayama

6,373,816 B1* 4/2002 Kobayashi ................. 369/275 4

FOREIGN PATENT DOCUMENTS

02-43988 2/1987
1-223662 9/1989
5-159301 6/1993
6-290538 10/1994
0-349197 12/1994

7-29180 1/1995
7-111629 4/1995
8-212691 8/1996

(Continued)

SRR R R

Primary Examiner — Robert Chevalier

(74) Attorney, Agent, or Firm — Antonell1, Terry, Stout &
Kraus, LLP.

(57) ABSTRACT

A disk-like recording medium recording/reproducing

method or apparatus for performing a data recording opera-
tion and a data reproducing operation to the disk-like record-

ing medium alternately. The recording operation 1s performed
at a constant linear velocity, and whether a recording area at
an ending point of an n-th recording operation on the medium
1s continuous to a recording area at a starting point of an (n+1)
the recording operation 1s identified. When a discontinuation
of the recording area 1s 1dentified, the rotational speed at the
starting point of the (n+1 )th recording operation 1s changed,
during a reproducing operation between the n-th recording
operation and the (n+1)th recording operation. When a con-
tinuation of the recording area 1s i1dentified, the rotational
speed of the disk-like recording medium at the ending point of
the n-th recording operation 1s held, during a reproducing
operation between the n-th recording operation and the (n+1)
th recording operation.

12 Claims, 12 Drawing Sheets

a RECORDNG ~w——PERODX __  PERODY _  PERODZ _  PERODM
SGNALINPUT >, NS (= >
b REPRODUCTION e PERODA_ PERIODB
SIGNAL OUTPUT ., NN L N N
.. PERODX, PERGRA  PERIODY- “PERIGNB, PERIODZ; - PERODC,
¢ RECORD/ "< ECORDL BEPRODUSE RECORD), REPRODUSE RECORD), REPRODUCE
REPRODUCE o/ I o I o B o B
. CoNThoL ' : : :
fFAST | : . .=
d EETATM ‘ : : . . } HOLD
EED SLOW : ' 100d3 | .
' = 10004 i
: : : : :100d5 110046
. | r : , RECORD__
PERPHERY
R PRODUCE
POSITION NNER . .
PERIPRERY : : 1006
' RECORD ' RECORD ! . AECORD
F TRANSMISSION RATE i . RE- ! '\ RE- | ' RE
10011 | re {100M3 ] re 110015 e
I ot T S
10012 10014 10016



US 8,180,197 B2

Page 2
FOREIGN PATENT DOCUMENTS JP 11-232844 8/1999
JP 10-92102 4/1998
Jp 10-124879 5/1998 * cited by examiner



U.S. Patent May 15, 2012 Sheet 1 of 12 US 8,180,197 B2

a RECORDING =
SIGNAL INPUT "~ (=%

b REPRODUCTION N
SIGNAL QUTPUT hR

¢ RECORD/
REPRODUCE

f FAST
d ROTATIONAL
SPEED ,}SLow

OUTER
PERIPHERY
e PICKUP

POSITION INNER
PERIPHERY

f TRANSMISSION RATE

_ RECORD'\ REPRODUGE _RECORD'\ REPRODU

PERIOD Y PERIOD Z PERIOD AA
RO (=4) O (=t \
\\\ H"u '\ ﬁEB'OD A \ PERIOD B
R T —

\ - ” \ b ..-"'#-"' \ -

PERIODX, PERIODA PERIODY,”“PERIGNB, PERIODZ: ~ PERIODC
3ECORD \ REPRODUCE

™ R R R I R R R
CLV .
CLV |

HOLD | CONTROL !

10004 100d5 4045

RECORD

e W Snp s gy e P W AR TR A i N sl mgd wae
T WS O O T T T T - . T P W R W S
- S E T N N T T i - g N Ny I ey -

100e5| .

100e1| Rge PRODUCE PRODUCE

'PRODUCE
100e6

and
-
-
L,

N

el
-
Q
—rry
O

I ' RE-
PRODUCE 'PRODUCE

e

10012 10014 10016



U.S. Patent May 15, 2012 Sheet 2 of 12 US 8,180,197 B2

FIG. 2 Slleill
ACCESSUSER 201
DESIGNATED POSITION
~ RECORD/
REPRODUCE 213a
RECORD 213b D COMMAND
213 7Es (B0
CONTROL ROTATIONAL 500
SPEED AT CLV
WRITEINMEDIUM 203
206
END SPECIFIED NO
AMOUNT OF WRITE
STORE WRITE POSITION OPERATION 204
YES
207
HOLD ROTATIONAL SPEED, VES DESIGNATE 205
STOP WRITE OPERATION SIMULTANEOUS READ
OPERATION
208
ACCESS USER DESIGNATED 516 NO —

POSITION NO
S TIME T ELAPSED
AEPHODUGE 2145
YES
_ D COMMAND ——DEPRODUCE 2142 .

END VES 214
~ READ FROM MEDIUM 209
NO END SPECIFIED VES

AMOUNT OF READ
OPERATION

51 1 UPDATE USER DESIGNATED
POSITION
210 — :

ACCESS WRITE END STORAGE 212
POSITION

YES




U.S. Patent May 15, 2012 Sheet 3 of 12 US 8,180,197 B2
+ RECORDING e PERIODX PERIOD Y «_ PERIODZ PERIOD AA
SIGNALINPUT . (=0 N =Y NN (=) ‘.
b REPRODUCTION ~ “~_ < PERIODB
SIGNAL OUTPUT R S N N
PERIOD X\ “\._ PERIODY,\ PERIQB, PERIODZ;~ PERIODC,
REPRODUCE =) & H) =)
} CLV ) | ] | |
* ol oy
prasT : : . _HOLD _: CONTROL !
¢ ROTATIONAL | | ' i |
SPEED ‘ I : I I .
SHOW : : : 200d4 ; 500g5 !
1 | | | ] |200d6
: : : OO | ! RECORD
} i | | |
' RECORD ; PAUSE | 2
' f ? 200e5
OUTEH ! { | RE-
TPER!PHEFIY : ' 200e2! 200€3| Re
d PICKUP - 200e1 . PRODUCE PRODUCE
POSITION INNER : l : . .
PERIPHERY ' | ' ; . 500
| : : . : ! e6
| ] | | 20064 | ]
l I ! : I i
| | ) | | ]
I I I ! : !
' RECORD | ' RECORD | ' RECORD |
: 2 I : E . RE- E : RE.
e TRANSMISSION RATE 20011 ; 20012 | probuce; 20014 | propucE

ks PE Y T T S .
i T - T . T -

200f3

20015



US 8,180,197 B2

Sheet 4 of 12

May 15, 2012

U.S. Patent

HHVIdS/HOLNONW

137

Cly

daN(

9cv

NOILVHINTO ONINIL

NOLLYHINID

TVNDIS ONIHOLMS
30Nd0Hd3H/A4003y ST 7

ONIHOLUMS 3A0N LSV

87 °10)7

ONISS300Hd

H3qooaaoianvozan | 90V NOILOIHHOD

_oﬁmw‘ﬁz%mm_ - L0¥ - LMY ERn
ap O e 1 oo,
OHLNOD | T0HLNOD
3 LIHM WYY H344Ng oL QV3H Wvd H334ng
HICOONZOIANYO3AA | /L - B T

viv 197

LNNONISSIO0Hd 6 |+
oo ONIHOO3H

E— i

HOLVHYAWOD -

NOLLYHINID
e ONEITEEEN
JOHLNOO NOLLYLOH

—~g2b

1427
1NN TOHLINOD NOILY.LOY

NOLLY1INQOW

v Old




LY GOV

US 8,180,197 B2

ONISSIO0Hd |
HIMYIISHOLINOW H3goo3aoianvioaan | 90v NOLLO3HHO)
JOHLNOD
AR JOHINOD L0p
VM Mo HE440 31IHM WvH H344ng |
801
o c L AvH H344n8 60%
I~
- TOHLNOD e 1081NO9
w...w 3LHM WVH H3440G GHINMOO3LAE v o1y | QvadvE b330
7 P,
TWNOIS ONIQaY
HA00UN QIaNV/O3dIA N3 Ov3H LlY 3009 NOILO3HHOD
3 ¢0S
w; LINNONISSIO0Hd 6 L 17 - -
- 9cb ccb ONIQHOO3H
> NOILYHINTD
> J NOLLO3130 31990M >0t

NOLLYHINTS

HOLVHVJNOD N
NOILYHINID
12 JON3YH343Y

NOILV10OH

—~g2b

bey
LSy LINNTOHINOD NOILYLOH

TYNDIS ONIHOLUMS
30Nd0Hd34/dH003Y

TOHLINOD
ONIHOUMS 300N

U.S. Patent



U.S. Patent

a RECORDING w
SIGNALINPUT ~>.

b REPRODUCTION S
SIGNAL OUTPUT )

¢ RECORD/
REPRODUCE

f FAST

d ROTATIONAL
SPEED ‘swfw

T OUTER
PERIPHERY
e PICKUP

POSITION INNER
PERIPHERY

f TRANSMISSION RATE

May 15, 2012

PERIOD X

Sheet 6 of 12 US 8,180,197 B2

PERIOD Y PERIOD Z PERIOD AA

RN (=t) Y (=t) N

AT AN Y
L L, ¥ \

AN . PERIODA "\ PERIODB
\ H\. M—\——-‘_?*——A———_——

\ . ‘*- .- \ ~ - \ -

PERODX  PERIDA PERIOD'Y,- "FERIGDB, PERIODZ: ~ PERIODC,

AECORD' REPRODUGE _RECORD REPRODUGE RECORD'\ REPRODUCE
(=0) (=) (=) (=p) (=0)
ONTROL cLV
HOLD | CONTROL CLV
HOLD 1 CONTROL

600d4

- O W W T W T W . S I S S T e .
e Ay wikk A HE W B EE T I I T S T e .

 600d2 :

.

- - W A A A W . N WS N whe wAE lmh ks e o gy

.

Al
A

60012 60014 60016

RECORD

5 RE-

. RE- PRODUCE

: , PRODUCE

: 600€6 | pre

: 600e4 PRODUCE
i 600e2 -

; ZONE 10 ZONE10 ZONE 11
+ ZONE3 ZONE 3 ZONE 2

= RECORD

. RECORD RECORD

! : ! : RECORD

: 6006 : ' 600e3 :
L 600e5:

: . RE- | . RE- ' RE-

E E PRODUCE : E PRODUCE iPHODUCE

RECORD

- - e ey
L I L IR

RECORD

.
1

60011 60013 60015



U.S. Patent May 15, 2012 Sheet 7 of 12 US 8,180,197 B2

FIG. 7a

701
ZONE 10 702

ZONE 9 —><__><_703
cONES \\ 704
E 05
; KOS
ZONE 3 ’ .
ZONE 2 '

N

FIG. 7b



U.S. Patent May 15, 2012 Sheet 8 of 12 US 8,180,197 B2
FIG. 8 STAAT
ACCESSUSER DESIGNATED 50
POSITION (ZONE NO.n)
' REPESBBEE/mSa
RECORD 213b =ND COMMAND
213 YES (__END_ 3
CONTROL ROTATIONAL 500
SPEED AT CLV
WRITE INTO MEDIUM 203
206 ND SPECIFIED NO
AMOUNT OF WRITE
OPERATIO 204
STORE WRITE POSITION
YES
207 : YES DESIGNATE 205
HOLD ROTATIONAL SPEED, SIMULTANEOUS READ
STOPWRITING OPERATION
NO
ACCESS USER DESIGNATED END OF ZONENO.n
POSITION (ZONENO.m; m <n)
RECORD/ YES
REPRODUCE 214b REPRODUCE 214a ACCESS ZONE NQO. n-1 802
END COMMAND
(_END YES 214
READ FROM MEDIUM 209
END SPECIFIED y
AMOUNT OF READ ES 211
OPERATION 210

NO

YES

ACCESS ZONE NO.m-1

L i

END OF ZONENO.m
803

UPDATE USER DESIGNATED
POSITION
 ACCESSWRITEEND 15
STORAGE POSITION

804 I




U.S. Patent May 15, 2012 Sheet 9 of 12 US 8,180,197 B2

FIG. 9

2 RECORDING PERIOD X PERIODY PERIOD Z PERIOD PERIOD PERIOD AC

SIGNAL INPUT (%) (=) (=) (=t (=) (%)
- REPRODUGTION <PERIODA___PERIODB__PERIODC__ PERIODD__
SIGNAL OUTPUT
PERIOD A PERIDD PERIODC PERIOD 0 PERICD E
HECOHD RECORD R
- RECORD) RED0 RECORD RECORD
REPROILE! 'REPRODLKE! REPRODLKE: AEPRONCE 'REPRODUCE
| (=p) | (=) ' (=) | (=) | . (=)
e R
FAST i bbb ZONEY HOID
f . . t « CAV | _CAV RIS
d ROTATIONAL ' : ' ZONE2; HOLD :ZONE2 HOLD. 9340 90010
SPEED ‘9-0‘” 2GhE IHOLD ZGAE 3 ' HOLD : : : ' :
T—e—,—{—.—z—,"' = 190005, 900061900071 90008!
oodtioisnsi oo, | |
OUTER 1 ' a00e
PERIPHERY : 10
e PICKUP .
POSITION INNER
PERIPHERY JEQNE |zgNe jo| 8

70 ZONE 2

I\
\__§
\_

000e]!] e —T
: : : . : ' 900e7 |
o 0 |
f TRANSMISSION RATE : : : : . I 90099
IR IR ' ' ' ' :
' 90012 ! ' 9004 ! :QOOIGE: :QOOfBE: ?—2'—
? : : 2 I : \ : : 2 : : 2 1 900f10



U.S. Patent May 15, 2012 Sheet 10 of 12 US 8,180,197 B2

FIG. 10a

INTERLEAVE | INTERLEAVE | INTERLEAVE | INTERLEAVE | INTERLEAVE | INTERLEAVE
BLOCK 1 BLOCK?2 BLOCK3 BLOCK4 BLOCK5 BLOCK6

JUMP JUMP

FIG. 10b

INTERLEAVE INTERLEAVE
BLOCK n+2 BLOCK 3

INTERLEAVE
BLOCKn

ZONEm

INTERLEAVE
BLOCK n+1

ZONEm-1

ZONE m-2 ZONE m-3



U.S. Patent May 15, 2012 Sheet 11 of 12 US 8,180,197 B2

FIG. 11

A RECORDNG  —PEFIODX, PERIDY_ _PERODZ, PERIODAA _PERIODAZ PERIODAC
= mn ) mn m n

SIGNAL INPUT
. REPRODUCTION PERIODA  PERIODB PERIODC  PERIODD
SIGNAL OUTPUT
PERIODA PEROD B, PERIODC, PERIOD PERIODE
- RECORD RECORD RECORD RECORD RECORD RECORD
(=r) PERODC 1 (<) PERODD 1 (<) WERODE 1 (<) PERODF + (=) JPERIOD
REPRODUCE 'AEPRODUCE, 'REPRODUCE. 'REPRODUCE. 'REPRODUCE! 'REPRODIACE
' (=p) ! ' =) | ' (=p) | ! (p) ! ' (=ip)
i j | ) | | } i CAV |
, _CAV _CAV | i I i ZONE 1+ HOLD
} Fast (ZONE3 ZONEZ 1 opy gyl ey
d ROTATIONAL : ' . HOLD IZONE2! HOLD :ZONE2 HOLD} ovns0' 90410
SPEED } SLow IR
1100d4 900d5; 900d6; 900d7,900d8 ; :
] t | | i | | I |
900d1:900d2110063
' i 11%94; | | | | b
ST i B
gEUI;IIEEIEFIY 90062 ZQNE ) :900910
j
e E&K#& NNER JONE10 ZONE9 |900e6 '
PERIPHERY W 70
ZC ZONE

ILONE 2

;

1100e3

:

f TRANSMISSION RATE

90012 .

900f1 110013

.

1
2
-
s
5
:
Y
:

.

[ ] S =l il gjer Sgs gepk

-

.

I
)
I
I
I
!
I
|
J
I
I

' 90015 90017



U.S. Patent

a RECORDNG e
SIGNALINPUT . 9

May 15, 2012 Sheet 12 of 12 US 8,180,197 B2
PERIOD X PERICD Y PERIOD Z PERIOD AA
S~ (=4 N (=4 )
AN " H“-.... "\ ‘ﬁEmooA ‘\._, PERIOD B

b REPRODUCTION TN

SIGNAL OUTPUT o
RECORD/
REPRODUCE
f FAST
c ROTATIONAL
SPEED *su.ow
OUTER
PERIPHERY
d PICKUP
POSITION INNER
PERIPHERY
e TRANSMISSION RATE

\ N ” \ b - 7 \ -
"

“\._ PERIODX)\ PEAODA PERIQDY; “PEAIGRB, PERIODZ; ~ PERIODC,

AECORD's RECORD. _RECORD\ REPRODUGE RECORDREPRODUCE

.

(=) ) (=lp) : (=) : =p) «+ (=
CLY | : : i i
g0 ool |y
: : : : LV |
) | HOLD I CONTROL i

1100d2: 190g3

--oo--
-
-
Q.
IS

E ' RECORD
|
|

!
!
!
I
i
|
|
|
)
}
t
l
|
|
|
|
!
)
!
|
}
!
l
!
|
!
]
!
!
l
!
!
!
J
i
l
!
t

RE-
PRODUCE

;\

110012 10014 10016



US 8,180,197 B2

1

METHOD AND APPARATUS FOR
RECORDING/REPRODUCING DIGITAL
VIDEO SIGNAL OR AUDIO SIGNAL, AND
OPTICAL DISK APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This 1s a continuation of U.S. application Ser. No. 10/754,
614, filed Jan. 12, 2004, now U.S. Pat. No. 7,174,092 which
1s a continuation of U.S. application Ser. No. 09/317,174,
filed Mar. 2, 2000, now U.S. Pat. No. 6,754,442, the subject

matter of which 1s incorporated by reference herein.

BACKGROUND OF THE INVENTION

The present invention relates to a digital recording and

reproduction apparatus for video signals and audio signals in
the TV broadcasting, or more 1n particular to a time shift
function.

A conventional technique for recording/reproducing the
TV broadcast program 1s a VIR. The tape medium is consid-
ered as an mexpensive medium for recording video signals
and audio signals. Nevertheless, the tape medium 1s not suit-
able for random access for 1ts structure.

For reproducing the program recorded 1in the VIR, the tape
1s required to be rewound to the head of the program. Thus, 1t
1s difficult to reproduce the video information already
recorded, while at the same time recording a program. The
program which the user has started to record using a timer or
the like cannot be viewed from the head of the program before
the program 1s completely recorded to the last.

With the optical disk, which 1s superior to the tape in
random accessibility, on the other hand, JP-A-6-290538 dis-
closes a method using a CLV (constant linear velocity)
scheme most suitable 1n terms of recording density for
recording, while a CAV (constant angular velocity) scheme
superior 1 accessibility 1s employed for reproduction. In a
system for repeating the recording and reproduction alter-
nately, however, the relation of the target rotational speed
between the two processes has not been taken into consider-
ation.

JP-A-11-232844 discloses performing recording and
reproduction for each track alternately. However, 1t does not
concretely teach any rotational speed control in the recording
and reproduction.

Further, JP-A-7-111629 describes a technique for realizing
the time shift using a disk-like recording medium. This tech-
nique, however, presupposes the use of two pickups and fails
to refer to a method of controlling the rotation.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a digital
recording/reproduction method and apparatus for video and/
or audio signals and an optical disk device therefore 1n which
the time shit 1s easily realized.

According to one aspect of the present invention, there 1s
provided a digital video/audio signal recording/reproduction
apparatus comprising;

means for temporarily storing a digital input signal and a
digital output signal;

means for reproducing the mnput signal from the medium
and writing 1t 1n the temporary storage means for tp period:

a random-access disk-like recording medium having spiral
or concentric recording tracks; and
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2

means for reading an input signal from the temporary stor-
age means and recording the input signal 1 the random-
access disk-like recording medium for the period tr (r: real
number), where tr 1s a recording period from the time point
with a predetermined period t (t: real number) when the
recording 1s started in the recording medium at a predeter-
mined transmission rate to the time point when the data
amount 1nput during the period t 1s completely recorded, the
period t being segmented into the recording time tr (tr: real
number) and the reproduction time tp (=t—tr);

wherein the recording means and the reproduction means

are operated alternately and intermittently, thereby making
substantially simultaneous recording and reproduction pos-
sible at different positions. In this way, the user can start the
reproduction immediately from the head of a program with-
out waiting for the end of recording the program and the time
shift of a broadcasting can be easily realized.
The temporary storage means has a recording data buffer
area and a reproduction bufler area. In the case where the
recording fails due to a disk defect during the alternate inter-
mittent operation, the write operation 1s continued without
switching to the reproduction mode. As a result, the recording
process and the reproduction process may both be delayed
and the buifer areas may run short. To meet this situation, a
part or the whole of reproduction bufler area 1s replaced with
a recording buffer area to prevent the shortage of the record-
ing builer area. Even when the disk develops a defect, there-
fore, the recording operation 1s given priority and success-
fully continued although the reproduction may be
interrupted.

Also, at the time of recording into a disk, the disk motor 1s
controlled at CLV with a predetermined rate, and at the time
of switching to the reproduction mode, the rotational speed 1s
held, so that the reproduction 1s carried out at variable speed
corresponding to the reproduction rate changing during the
reproduction period. When the reproduction 1s switched to
the recording mode, therefore, the CLV control 1s rapidly
stabilized since the rotational speed 1s held at the target. Thus,
even with a single optical pickup, the intermittent operation of
recording and reproduction can be realized with stable
recording operation.

Further, a disk specified to record from the inner toward the
outer periphery 1s segmented into a plurality of concentric
zones, and the mtermittent recording and reproduction opera-
tion described above 1s carried out from 1nner toward outer
periphery within each zone and from outer toward inner
peripheral zone 1n the area between the zones. As a result, the
zone-from which the recorded data 1s reproduced 1s located
on the outer peripheral side than the zone being recorded.
Thus, the variable reproduction rate 1s always higher than the
fixed recording transmission rate. When the recording rate 1s
set to at least about twice the transmission rate for inputting
the digitized video signal or audio signal, therefore, the
recording of an mput signal to a medium and the video/audio
reproduction from the signal read from an arbitrary point on
the medium can be carried out at the same time.

Other objects, features and advantages ol the present
invention will be apparent from the following description of
the embodiments of the invention taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a timing chart showing the operation of a record-
ing/reproduction method according to a first embodiment of
this invention.
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FIG. 2 1s a flowchart showing a recording/reproduction
method according to the first embodiment of this invention.

FIG. 3 1s a timing chart showing the operation of a record-
ing/reproduction method according to a second embodiment
of this invention.

FIG. 4 15 a block diagram showing a recording/reproduc-
tion apparatus according to a third embodiment of the inven-
tion.

FIG. 5 15 a block diagram showing a recording/reproduc-
tion apparatus according to a fourth embodiment of the inven-
tion.

FIG. 6 1s a timing chart showing the operation of a record-
ing/reproduction method according to a fifth embodiment of
this invention.

FIGS. 7a and 75 are diagrams showing the shape of the disk
used for a recording/reproduction apparatus according to the
fifth embodiment of the invention.

FIG. 8 1s a flowchart showing a recording/reproduction
method according to the fifth embodiment of the invention.

FI1G. 9 1s a timing chart showing the operation of a record-
ing/reproduction method according to a sixth embodiment of
this invention.

FIGS. 10q and 106 are diagrams showing a structure of a
logic format according to a seventh embodiment of the mnven-
tion.

FIG. 11 1s a timing chart showing other operations of a
recording/reproduction apparatus according to the sixth
embodiment of the invention.

FI1G. 12 1s a timing chart showing the operation of a record-

ing/reproduction method according to an eighth embodiment
of the mvention.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

A first embodiment of the invention will be explained with
reference to FIGS. 1 and 2 of the accompanying drawings.

FI1G. 1 1s a time chart showing the operation of a recording/
reproduction method according to the invention, and FIG. 2 a
flowchart for implementing the same recording/reproduction
method.

Now, an explanation will be given of a method for repro-
ducing a recorded program while at the same time recording
a program such as a TV program 1n a disk-like recording
medium such as a DVD-RW (digital versatile disk-rewrit-
able), DVD-RAM (digital versatile disk-random access
memory) or CD-RW (compact disk-rewritable).

A recording signal mput a in FIG. 1 1s a digitized video
signal and a digitized audio signal for a program suchas a TV
program input to the apparatus (one of the video signal and
the audio signal may be mput). A reproduction signal output
b 1s a digitized video signal and a digitized audio signal
already recorded. The recording signal input a can be
recorded 1n a medium while at the same time reproducing the
image and voice from the reproduction signal output b of the
medium, thereby realizing the time shift fora TV program or
the like.

Theperiods A,B,C, ..., XY, Z, AA, AB of the recording
signal a input to the recording/reproduction apparatus are
segmented at predetermined time intervals t (t: real number).
The diagram shows the range 1n which the input signals for
the periods X, Y, Z, AA are processed. The reproduction
signal output b indicates the video and audio signals output
from the apparatus at the same time. The recording/reproduc-
tion ¢ indicates the operation of recording 1mnto a medium and
reproducing from the medium for each period. The recording,
signal input for the period X 1s temporally compressed from
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4

t to tr (tr: real number) by butier means such as a RAM and
written 1n the medium 1n the recording range of the period X.
The signal 1s read from the medium 1n the reproduction range
(tp; t—tr) for the remaining period A of the time t. The signal
read in the reproduction range of the period A 1s temporally
expanded by use of buffer means such as a RAM thereby to
produce a video signal and a reproduced signal for the time t.
The predetermined time t 1s segmented nto a recording
period and a reproducing period and the processing with the
medium 1s switched, so that the recording of a part of a
program and the reproduction of a different part of the pro-
gram can be carried out at the same time.

The recording transmission rate ir (Ir: real number) satis-
fies the following relations.

(Total signal amount mput from input means during
time )= (fr *tr)

(Signal amount required to be output from output
means for video and audio reproduction during
time 1)=(fr*1p)*(» in/» out)

Also, the bulfer storage capacity Cap (Cap: real number)
meets the following equation.

Cap=[fr¥tr/+[fr¥ip/™[r 1n/r out]

where r out 1s a real number 1indicating the radius of the
outermost periphery of the recording area of the recording
medium, and r 1n a real number indicating the radius of the
innermost periphery of the recording area of the recording
medium.

Now, the recording/reproduction control operation for this
disk will be explained. The rotational speed d 1s that of the
disk. Character ¢ indicates the position of the pickup for
writing or reading the signal into or from the disk, and char-
acter 1 indicates the transmission rate of the signal read from
or written 1nto the medium. This embodiment 1s applicable to
a disk having spiral tracks from the inner periphery toward the
outer periphery and specified to write thereon a signal of a
predetermined transmission rate at a predetermined linear
rate (CLV control). Therefore, the rotational speed 1s sub-
jected to CLV control during the periods 10041, d3, d5 for
recording into the disk. Thus, during the periods 10041, d3,
dS, with the approach of the pickup to the outer periphery, the
rotational speed 1s decreased 1n inverse proportion to the
radius. During the reproduction period 10042, the last rota-
tional speed in the recording period 10041 1s held. For this
reason, the rotational speed 1s comncident with the target rota-
tional speed as of the time when the recording period 10043 1s
restarted, and therefore the rotational control operation for the
recording period 10043 1s rapidly settled stable. In similar
tashion, during the reproduction period 10044, d6, the rota-
tional speed 1s held at the figure for the immediately preced-
ing recording operation, and therefore the rotational speed for
the recording period 1s stabilized with rapidity. The pickup
moves toward the outer periphery gradually within the range
ol the recording period o1 100e1, then moves toward the inner
periphery for accessing the recorded data, and after perform-
ing the reproduction for a period of 100e2, moves again
toward the outer periphery to record data for a period o1 1003
as a continuation of 100el1. The pickup 1s moved and the
rotational speed 1s controlled 1n this way. Therefore, the sig-
nal written in the medium at a predetermined transmission
rate as shown 1 10071, 13, 15 1s used to reproduce the data at
CAYV from the disk recorded at CLV. During the reproduction,
therefore, the transmission rate 1s changed 1n proportion to the
radial position of the pickup. The signal reproduced from the
disk 1s demodulated 1n accordance with the transmission rate
change and the error thereol corrected or otherwise pro-
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cessed, recorded 1n the bulfer means such as a RAM, read at
a predetermined rate, and temporally expanded thereby to
produce a reproduced signal output b.

The recording method described with reference to FIG. 1
will be explained in more detail with reference to the flow- 5
chart of FIG. 2.

First, the disk 1s accessed (step 201) at the starting position
designated by the user, and 1n the absence of a user instruction
to end the process (213), the rotation 1s controlled at CLV
(202), followed by writing data into the disk (203 ). Unless the 10
write operation of an input for time t 1n FIG. 1 1nto a medium
1s complete (204), steps (204), (202), (203) are repeated.
When the write operation into the medium 1s complete, on the
other hand, 1t 1s determined whether the user has requested to
record and read at the same time (203). In the absence of such 15
a request for simultaneous read operation, the steps of (202),
(203), (204) are repeated. In the presence of a request for
simultaneous read operation, on the other hand, the position
where the write operation 1s ended 1s first stored 1n a tempo-
rary storage unit (206), the rotational speed 1s held at a value 20
associated with the position where the write operation 1s
ended, and the write operation 1s stopped (207). Then, 1n the
absence of an 1nstruction to end the process from the user
(214), the position on the disk where the intended data 1s
recorded 1s determined 1n accordance with the user request 25
tor the desired portion of the recorded data from which to start
the reproduction of the video and audio signals, and the target
position 1s accessed (208). The data 1s read from the target
position on the medium (209), and unless the write operation
of the input associated with time t 1n FIG. 1 into the medium 30
1s complete (210), the step of (209) 1s repeated. Specifically,
while maintaiming the rotational speed as of the time point
when the write operation 1s stopped, the data continues to be
read from the medium. In the meantime, therefore, the trans-
mission rate of the reproduced signal changes 1n proportionto 35
the radius r of the pickup position as shown in 10072, 14, 16 in
FIG. 1. Upon complete reading of a specified amount of data
from the medium (210), the read position designated by the
user 1s updated to the position where the read operation 1s
stopped (211). This operation permits the continued data to be 40
read at the next read session. After that, until the total time of
the process of recording to and reproducing from the medium
stored 1n the step 206 reaches t (215), the access to the posi-
tion of the medium at which the recording 1s stopped 1s
repeated (212), and when the time t arrives, the process 1s 45
returned to the recording steps (202) and (203). In this way,
the recording and reproduction operations are performed
within the time t. When the user requests to end both the
recording and reproduction, the process of step (213) 1s
executed 11 the recording 1s going on, and 11 the request 1s for 50
ending both the recording and reproduction, on the other
hand, the process 1s ended (213a). If the request 1s to end only
the recording operation, on the other hand, the reproduction
process starting from step (207) 1s executed (2135). In similar
fashion, 11 the request 1s 1ssued during reproduction, the deter- 55
mination in step (214) 1s made, while 11 the request 1s to end
both the recording and reproduction, the process 1s ended
(214a), while if the request 1s to end only the reproduction, the
recording process from step (212) 1s started (2145).

As described above, according to this embodiment, the 60
operation 1s segmented 1into units of time t, so that the record-
ing of the signal input during the time t 1s alternated with the
reproduction of the signal output during the time t for each
time t. At the time of recording, on the other hand, the rota-
tional speed 1s controlled at CLV with a predetermined trans- 65
mission rate, while during the reproduction, the same rota-
tional speed as at the time when the recording 1s switched to

6

reproduction 1s held. Even when the reproduction 1s switched
to recording, therefore, the target rotational speed of CLV 1s
held. Thus the immediate pull-in 1s possible, and a stable
rotation control and highly reliable write operation are real-
1zed. Also, the constant linear speed and the constant trans-
mission rate make the invention suitable for realizing a disk of
phase change type in particular. Thus, while recording the
currently input signal into a medium for a TV program or the
like, the portion already recorded can be reproduced at the
same time, and therefore the time shift function for the TV
programs can be realized.

Now, a second embodiment of the invention will be
explained with reference to FIG. 3.

FIG. 3 1s a time chart showing the operation of a recording/
reproduction method according to this embodiment.
Although FIG. 1 shows a method for reproducing a recorded
program while recording a program such as a'TV program at
the same time, the present embodiment represents the case
where only the recording operation 1s performed 1n an appa-
ratus for realizing the operation of FI1G. 1. Only the recording
1s performed during the period A when the reproduction 1s
performed in FIG. 1. During this period, the rotational speed
1s held at a similar level to 10042 (20042). In order to maintain
the current state, the pickup 1s jumped over tracks and the
pause 1s continued (200¢2). The reproduction operation 1s
stopped, and therefore 200/1 corresponding to 10071 1s not
shown. This control operation makes 1t easy to perform the
recording operation alone on an apparatus presupposed to
perform both the recording and reproduction operation. In
similar manner, only the reproduction can be performed on an
apparatus which 1s assumed to perform both the recording
and reproduction operations.

The exclusive recording operation 1s realized 1in FIG. 2 by
the path leading from 214 to 212 to 215 to 213 to 202 to 203
to 204 to 205 to 216 to 213, and the exclusive reproduction
operation 1s realized 1n FIG. 2 by the path leading from 213 to
207 to 208 to 214 to 209 to 210 to 211 to 212 to 215 to 213.

Now, a third embodiment of the invention will be explained
with reference to FIG. 4.

FIG. 4 1s a block diagram showing a recording/reproduc-
tion apparatus according to the mvention. In FIG. 4, a refer-
ence numeral 413 designates a tuner for recetving a TV broad-
cast, and numeral 414 designates an encoder for digitizing the
video signal and/or the audio signal and compressing 1t by a
method such as MPEG. The encoded digital signal 1s written
into a butler RAM 409 through a buffer RAM write control
circuit 415. The data written in the buffer RAM 1s sent to a
correction code adder circuit 417 through a buffer RAM write
control circuit 416, and after an error correction code 1s added
thereto, modulated 1n a modulation circuit 418, converted into
an optical signal by a laser 402 and written 1n a disk 401. Inthe
process, the disk 401 1s rotated by a disk motor 405. Numeral
403 designates an optical pickup for detecting an optical
signal from the disk and converting 1t into an electrical signal,
numeral 404 a preamplifier, and numeral 420 a wobble detec-
tion circuit for detecting a wobble component from the
wobbled recording tracks of the recording medium such as
CD-RW or DVD-RAM. The wobble component thus
detected constitutes the detection mformation of the linear
speed. Numeral 421 designates a reference generating circuit
providing a target linear speed. A comparator circuit 422
calculates to determine which 1s faster, the reference from the
circuit 421 or the detection signal from the circuit 420. A
rotation control circuit 423 accelerates the disk motor 401,
when the detection signal 1s slower, and decelerates the disk
motor 401 when the reference 1s slower, thus controlling the
linear speed to equal the reference. The reproduction signal
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from the disk 401, on the other hand, 1s demodulated 1n a
demodulation circuit 405, and further the error 1s corrected in
a correction processing circuit 406 1n accordance with the
error correction code added 1n the circuit 417. After that, the
signal 1s written in the buller RAM 409 through the buffer
RAM write control circuit 407. The signal thus written 1n the
buifer RAM is imnput to a video/audio decoder 411 through the
bufter RAM read circuit 410. In the video/audio decoder 411,

the signal 1s expanded according to the compression rule of
the video/audio encoder 414, converted into an analog signal
and sent to a monitor/speaker 412. Numeral 427 designates a
mode switching circuit for sending each mode of simulta-
neous record/reproduce, record, reproduce and stop to a
record/reproduce switching signal generating circuit 425. A
timing generating circuit 426 generates a signal of period t. In
the simultaneous record/reproduce mode, the record/repro-
duce switching signal generating circuit 425 generates a
switching signal with the period t divided 1nto a recording
period tr and a reproduction period tp. The read rate of the
butfer RAM read control circuit 416 1s selected 1n accordance
with the transmaission rate at which the signal input during the
time t from the circuit 4135 can be sulficiently recorded for the
period tr and the data output from the circuit 410 during the
time t for reproducing the video and audio signal can be
reproduced for the period tp. Then, during the time tr, a
recording processing unit 419 including the circuits 416, 417,
418 1s validated, a rotation control system 424 including the
circuits 422, 423 1s activated and the laser 402 1s set 1n record-
ing mode, whereas during the time tp, the last rotational speed
of the time tr 1s held, a reproduction SYSTEM UNIT 408
including the circuits 405, 406, 407 1s activated and the laser
402 1s switched to reproduction mode. The signal reproduced
from the disk 402 1s the signal which 1s recorded while being
controlled at CLV and controlled again at CAV, and therefore
the transmission rate of the iput signal changes. The repro-
duction unit 408, however, performs the processing in accor-
dance with the input transmission rate. In this way, while the
currently mput signal such as a TV program is recorded, the
simultaneous reproduction of the recorded portion can be
realized at the same time, thereby making 1t possible to realize
the time shift function for a TV program or the like. In spite of
the digitization and the compression of the video and audio
signals iput from the tuner in this embodiment, either of
these processes can be performed by the tuner or the broad-
cast wave may have already been digitally compressed.

Now, a fourth embodiment of the invention will be
explained with reference to FIG. S.

FIG. 5 15 a block diagram showing a recording/reproduc-
tion apparatus according to this embodiment. The configura-
tion of FIG. 5 1s the same as that of FIG. 4 except for a read
byte counter 501, a read end signal 502 and a record/repro-
duce switching signal generating circuit 503. The read byte
counter 501 counts the number of bytes read by the buifer
RAM read control circuit 416, starting from the head timing
ol the period t, and each time the count reaches the number of
bytes written 1nto the buifer RAM through the buifer RAM
write control circuit 4135 during the time t, 1ssues a read end
pulse 502. The record/reproduce switching signal generating
circuit 503 generates a signal for switching between the
recording period tr lasting from the head of the time t to the
generation of the read end pulse 502 and the remaining period
constituting the reproduction period tp. Thus, even when the
need arises to write the data 1 other place due to a defect of
the disk and the recording fails to end within the calculated
period tr, for example, the recording operation can be contin-
ued without interruption. When the period tp runs short, on
the other hand, the drop-oil of the reproduction data can be
complemented by holding the image of the preceding frame.
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Also, noises 1n the audio signal can be eliminated by muting.
Further, the reproduction of the audio signal from the medium
1s given priority, and a portion of the video signal having a
larger capacity than the audio signal 1s omitted. By holding
the 1image of the preceding frame of the video signal, the audio
signal can be reproduced without interruption, and 1t 1s
thereby suificient to hold the video signal for a short length of
time. Even when the period tp runs short, therefore, the repro-
duction 1s possible without any imposing inconveniences on
the part of the viewer.

According to this embodiment, as described above, the
recording operation 1s not interrupted by a defect, if any, of
the medium, and an arbitrary portion of the recorded data can
be read during the recording operation.

Now, a fifth embodiment of the invention will be explained
with reference to FIGS. 6, 7 and 8. FIG. 6 1s a time chart
showing the operation of a recording/reproduction method
according to this embodiment, FIG. 7 1s a diagram showing a
disk for performing the recording/reproduction operation
according to the embodiment, and FIG. 8 1s a tflowchart for the
recording/reproduction method. According to this embodi-
ment, spiral tracks are formed from the inner periphery
toward the outer periphery. Normally, the disk for performing
the recording/reproduction operation from the inner periph-
ery toward the outer periphery 1s segmented 1nto a plurality of
zones as shown 1n FI1G. 7a. As shown 1n FIG. 75, each zone 1s
composed of a plurality of tracks. In FIG. 7a, the whole area
1s segmented 1nto ten zones including zone 1 to zone 10. The
operation 1 FIG. 6 will be explained assuming the disk
shown 1n FIG. 7.

The recording signal a input to the recording/reproduction
apparatus, the video and audio reproduction signal b output
from the apparatus at the same time, the recording operation
into a medium for each period and the reproduction operation
¢ from the medium are the same as the corresponding means
in FIG. 1. The mput recording signal i1s temporally com-
pressed and the signal read from the medium 1s temporally
expanded 1n the same manner as 1n FIG. 1.

Also, as 1n FIG. 1, the CLV control 1s effected during the
periods 60041, d3, dS and the last rotational speed in the
recording period 60041 1s held during the reproduction period
60042. On the other hand, the pickup position 1s controlled
differently from the operation of FIG. 1. The recording opera-
tion 1s started from the outermost zone 10, and continued
toward the inner zones sequentially. FIG. 6 shows the record-
ing operation going on in zones 3 and 2. The pickup, though
moved gradually toward the outer periphery within the range
of the recording period 500e1, 6003, moves toward the inner
peripheral zone 2 upon complete recording of the zone 3.
Thus, an attempt to access the recorded data for reproduction
always requires the access to a zone on the outer periphery
than the zone involved. In FIG. 6, for example, the recording
period 600e2 1n zone 10 on the outer periphery 1s accessed
upon complete recording of the recording period 600e1 in
zone 3. As shown 1n 60071, 13, 15, therefore, the signal written
in the medium at a predetermined transmission rate 1s repro-
duced with CAV from the outer peripheral side while holding
the rotational speed of the disk subjected to CLV control at the
time of recording. Thus the signal reproduced from the disk
has a transmission rate, though varied depending on the posi-
tion, always higher than that for recording. In the reproduc-
tion system, the processing at high transmission rate 1s com-
paratively easy as compared with the recording system, and
therefore the recording time tr and the reproduction time tp
can be easily set within the range t. Also, 1n view of the fact
that the disk 1s accessed from outer toward inner periphery
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only during the movement between zones while the record-
ing/reproduction 1s carried out sequentially from the 1nner
toward outer periphery along the spiral track within a zone,
the apparatus can be easily configured with such a device as
the CD-RW for recording or reproducing data from inner
toward outer periphery. It 1s thus easy for the apparatus
according to this embodiment to perform the recording/re-
production operation on the existing disk used for recording/
reproduction from inner toward outer periphery. Also, when
the recording/reproduction apparatus according to this
embodiment 1s configured using the existing disk such as the
CD-RW, the data in the disk recorded by the recording/repro-
duction apparatus according to the embodiment 1s capable of
reproduction since only discontinuous points are accessed for
cach zone even with the existing CD-RW drive.

Now, the recording method shown 1n FIGS. 6, 7 will be

explained 1n more detail with reference to the tlowchart of
FIG. 8.

The flowchart of FIG. 8 1s basically identical with FIG. 2
except that the process of steps 801, 802, 803, 804 1s added.

Numeral 801 designates the step for determining whether the
recording pickup has reached the ending point of the zone
NO. n currently i recording operation. Unless the ending,
point of zone No. n 1s reached, the steps 213, 202, 203, 204,
205 1n FIG. 2 are repeated. Once the ending point of zone No.
n 1s reached, on the other hand, the zone No. n-1 located one
zone toward the inner periphery 1s accessed. In step 803, 1t 1s
determined whether the pickup has reached the ending point
of zone No. m at the time of reproduction. Unless the ending
point of zone No. m has been reached, the steps 209, 210 of
the reproduction process are repeated.

Now, a sixth embodiment of the invention will be explained
with reference to FIG. 9. FIG. 9 1s a time chart applied to a
disk according to the embodiment formed with spiral tracks
from 1nner toward outer periphery and normally adapted for
recording/reproduction from inner toward outer periphery.
The disk 1s segmented into a plurality of zones from the
innermost peripheral zone 1 to the outermost peripheral zone
10 as shown 1n FIG. 7a. The CAV control 1s effected to assure
a predetermined rotational speed within each zone. The rota-
tional speed of each zone 1s reduced progressively toward the
outermost periphery 1n inverse proportion to the radial direc-
tion to assure CLV for each zone in recording. Characters a, d,
c, € 1n this time chart are identical to the corresponding ones
in FIG. 6. According to this embodiment, too, therefore, the
recording/reproduction 1s carried out from the inner periph-
ery toward the outer periphery 1n each zone, and from the
outer periphery toward the inner periphery 1n terms of zones.
Also, a constant rotational speed 1s assured as long as the zone
CLV type 1s employed for recording and the recording pro-
cess 1s executed 1n the same zone, 1n view of the fact that the
rotational speed immediately before switching from record-
ing to reproduction 1s held for reproduction. The transmission
rate 1 for recording 1s the same for all of 90071, 13, 15, 17, 19
due to the zone CLV control. On the other hand, a higher
transmission rate for reproduction 1s assured for 90072 at
which the rotational speed 1s held at a value suitable for 90011
on an inner periphery than 900/2. Also, since data 1s recorded
at zone CLV, a constant transmission rate 1s assured during
cach period of 90072, 14, 16, 18, 110. When the zone changes
during the recording period of 900e1, €3, €5, €7, €9, though
not shown 1 FIG. 9, the rotational speed changes to a value
conforming to the particular zone at the time of zone change.
As soon as the zone changes during reproduction in each
period of 9002, e4, €6, €8, €10, on the other hand, the repro-
duction transmission rate changes stepwise. This operation 1s
shown 1in FIG. 11, which 1s a time chart similar to the time

chart of FIG. 6 except for 110043, €3, 13 and 110044, c4, 14.
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As shown by 1100e3, when the zone changes from zone 3 to
zone 2 during the recording period, the rotational speed
changes 1n a manner to suit the zone 2. In the process, the data

1s written at a constant recording transmission rate as shown
by 1100/3. As shown by 1100e4, on the other hand, 11 a

change occurs from zone 10 to zone 9 during the reproduction
period, the rotational speed 1s held as shown by 110044, so
that the transmission rate of the reproduction signal 1s
changed midway of the period as indicated by 1100/4. In this
way, even 1n the case where the zone changes during the
recording period or the reproduction period, the last rotational
speed of the recording period, 1.e. the target rotational speed
at the head of the recording period 1s held during the repro-
duction, and therefore the rotation at the head of the recording
period can be stabilized quickly. As seen from above, accord-
ing to this embodiment, the invention 1s applicable to a
medium of zone CLV type. With a medium using CLV type
for recording as shown 1n the fifth embodiment, 1f the record-
ing point and the reproduction point are located 1n the same
zone, the transmission rate of the signal reproduced may be
substantially the same as but tends to be lower than the trans-
mission rate for recording. Inthe zone CLV method according
to this embodiment, in contrast, the same transmission rate 1s
assured in the same zone, and the transmission rate for repro-
duction can be always higher than the transmission rate for
recording. Also, according to this embodiment, the rotational
speed 1n the zone can be kept constant and therefore can be
more easily controlled. Since the transmission rate for repro-
duction 1s not under constant change, the processing of the
reproduction system 1s also facilitated.

Now, a seventh embodiment of the invention 1s explained
with reference to FIG. 10. FIG. 10a shows an example struc-
ture of the logic format encoded according to the compression
specification such as MPEG for recording a video/audio sig-
nal on a disk. FIG. 105 1s a diagram showing the relation
between the logic format and the zones according to the fifth
and sixth embodiments. The interleave blocks in FIG. 10a are
units for jump reproduction in order to realize, without any
interruption even for a moment, the processes of (1) selecting
one of a plurality of branching stories, and (2) jumping a
portion of the story. In other words, the units are for perform-
ing the discontinuous or discrete reproduction. In FIG. 10a,
the interleave blocks 2, 4, 5 are jumped for reproducing the
interleave blocks 1, 3, 6 1n that order. FIG. 1056 shows the
relation between the interleave blocks and the zones. Each
interleave block i1s recorded in one zone without being
divided. Thus, the boundary portion of zones, where the
reproduction 1s discontinuous, always coincide with the por-
tion specified as discontinuous on the logic format.

As described above, according to this embodiment, the
zone boundary portions where the reproduction sequence 1s
discontinuous also constitute the discontinuous portions of
the logic format in the video reproduction apparatus. The
medium used for recording according to this embodiment,
therefore, can be used also for reproduction by the existing
video reproduction apparatus.

Now, an eighth embodiment of the invention 1s described
with reference to FIG. 12. FIG. 12 1s a time chart for a
recording/reproduction method according to this embodi-
ment. In this embodiment, the data 1s recorded not in the
continuous portions of the medium but discrete portions
thereol. The operation 1s the same as that of the corresponding
parts 1n FI1G. 1, except for the portions described below. When
the record, erase and overwrite operations are repeated, the
recordable portions on the medium may fail to form a con-
tinuous area. In such a case, as shown 1 FIG. 12, the ending
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point of the recording period 100e1 may fail to coincide with
the starting point of the following recording period 100e3.

In such a case, the rotational speed 1s controlled during the
reproduction period 1100e2 between the recording period
100¢e1 and the recording period 1003 1n such a manner as not
to hold the ending point of 10041 as shown 1n 110042 but to
equalize the target rotational speed at the starting point of
10043. In this control operation, the speed can be corrected
gradually over the whole period or using only a portion of the
period, as long as the rotation 1s stable at the target value at the
ending point of the period 110042. As described above,
according to this embodiment, even when the recording
operation 1s jumped, the rotation 1s so stable at the starting
point of the recording period that a stable recording operation
1s secured. Also, during the reproduction period, the wide
capture PLL 1s used and therefore no reproduction problem 1s
posed even when the reproduction transmission rate under-
goes a great change.

Inthe embodiments described above, the signal being input
for a TV program or the like 1s recorded in the medium while
at the same time reproducing the portion already recorded,
and therefore the time shift function for a TV program or the
like can be realized.

The foregoing description refers to the embodiments in
which the data to be recorded and the data to be reproduced
are video or audio data. The invention, however, 1s not limited
to such a case but digital data distribution signals such as text
information can also be recorded. Further, these data can be
combined for recording and/or reproduction.

Although the embodiments described above refer to the
case 1n which the disk rotation during the reproduction period
1s controlled basically at a constant angular speed, the disk
rotation during the reproduction period can be controlled at a
constant linear speed as long as normal recording 1s possible
during the recording period and normal reproduction 1s pos-
sible during the reproduction period.

According to this mmvention, the recording of the input
signal and the output of the reproduced signal from the same
medium can be carried out at the same time. Also, the rota-
tional speed 1s controlled according to the recording control
system during the recording period, while the rotational speed
at the time of switching from recording to reproduction mode
1s held during the reproduction. When the operation 1is
switched to recording, therefore, a target rotational speed 1s
maintained, thereby making immediate pull-in possible.
Thus, a stable rotation control 1s realized while at the same
time attaining a reliable write operation.

The mvention claimed 1s:

1. A disk-like recording medium recording/reproducing
method for performing a data recording operation and a data
reproducing operation to the disk-like recording medium
alternately, comprising the steps of:

performing the recording operation at a constant linear

velocity;

identifying whether a recording area at an ending point of

an n-th recording operation on the disk-like recording
medium, where n 1s a natural number, 1s continuous to a
recording area at a starting point of an (n+1) the record-
ing operation; and

in response to an 1dentitying result indicative of discon-

tinuation of the recording area in the 1dentifying step,
changing the rotational speed at the starting point of the
(n+1)th recording operation, during a reproducing
operation between the n-th recording operation and the
(n+1)th recording operation; and

in response to an 1dentifying result indicative of continua-

tion of the recording area in the identitying step, holding
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the rotational speed of the disk-like recording medium at
the ending point of the n-th recording operation, during
a reproducing operation between the n-th recording
operation and the (n+1)th recording operation.

2. A disk-like recording medium recording/reproducing
method according to claim 1, wherein a rotational speed hold
period 1s provided which holds the rotational speed at the
starting point of the (n+1 )th recording operation, during the
reproducing operation.

3. A disk-like recording medium recording/reproducing,
method according to claim 1, wherein the data 1s a digitized
video signal or a digitized audio signal.

4. A disk-like recording medium recording/reproducing,
method according to claim 2, wherein the data 1s a digitized
video signal or a digitized audio signal.

5. A disk-like recording medium recording/reproducing,
method according to claim 3, wherein the digitized video
signal or the audio signal 1s a compressed signal.

6. A disk-like recording medium recording/reproducing
method according to claim 4, wherein the digitized video
signal or the audio signal 1s a compressed signal.

7. A disk-like recording medium recording/reproducing
method for performing a data recording operation and a data
reproducing operation to the disk-like recording medium
alternately, wherein the disk-like recording medium has spi-
ral or concentric tracks segmented 1nto a plurality of zones in
accordance with a radial position, and the recording/repro-
duction process 1s executed from an inner periphery toward an
outer periphery within each zone and from the outer periph-
ery toward the inner periphery between the zones, comprising
the steps of:

performing the recording operation within each zone at a

constant angular velocity, the angular velocity being
switched so that a linear velocity of the medium may be
substantially constant between the zones;
identifying whether a recording area at an ending point of
an n-th recording operation on the disk-like recording
medium, where n 1s a natural number, 1s continuous to a
recording area at a starting point of an (n+1) the record-
ing operation; and
in response to an 1dentifying result indicative of discon-
tinuation of the recording area in the identifying step,
changing the rotational speed of the disk-like recording
medium to a rotational speed at the starting point of the
(n+1)th recording operation, during a reproducing
operation between the n-th recording operation and the
(n+1)th recording operation; and

in response to an 1dentifying result indicative of continua-
tion of the recording area 1n said 1dentifying step, hold-
ing the rotational speed of the disk-like recording
medium at the ending point of the n-th recording opera-
tion, during a reproducing operation between the n-th

recording operation and the (n+1)th recording opera-
tion.

8. A disk-like recording medium recording/reproducing
method according to claim 7, wherein a rotational speed hold
period 1s provided which holds the rotational speed at the
starting point of the (n+1)th recording operation, during the
reproducing operation.

9. A disk-like recording medium recording/reproducing
method according to claim 7, wherein the data 1s a digitized
video signal or a digitized audio signal.

10. A disk-like recording medium recording/reproducing
method according to claim 9, wherein the digitized video
signal or the audio signal 1s a compressed signal.
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11. A recording/reproduction apparatus for recording and
reproducing a video signal and/or an audio signal 1n digital
form 1n a disk-like recording medium, comprising:

an iput device which inputs a digitized video signal or
digitized audio signal continuously;

a switching signal generation circuit which generates a
switching signal for switching a recording operation and
a reproducing operation intermittently;

a compression circuit which time-base-compresses the
digitized video signal or the digitized audio signal which
1s inputted by the input device;

a recording signal generation circuit which generates a
recording signal from an output signal from the com-
pression circuit;

a data recording circuit which writes the recording signal in
the disk-like recording medium, during a recording
instruction period of the switching signal;

a rotation control circuit which controls the rotation of the
disk-like recording medium in such a manner so as to
secure a predetermined rotational speed during a record-
ing period and to hold the same rotational speed 1n a
reproduction period as in the recording period;

a circuit reproducing a signal from the disk-like recording,
medium; and

a reproducing signal processing circuit which performs a
reproducing operation according to a recording signal
generation process ol the recording signal generation
circuit;

wherein the rotation control circuit performs the recording
operation at a constant linear velocity;

identifies whether a recording area at an ending point of an
n-th recording operation on the disk-like recording
medium, where n 1s a natural number, 1s continuous to a
recording area at a starting point of an (n+1) the record-
ing operation;

in response to an 1dentitying result indicative of discon-
tinuation of the recording area in the identifying opera-
tion, changes the rotational speed of the disk-like record-
ing medium to a rotational speed at the starting point of
the (n+1)th recording operation, during a reproducing
operation between the n-th recording operation and the
(n+1)th recording operation; and

in response to an 1dentifying result indicative of continua-
tion of the recording area in the identifying operation,
holds the rotational speed of the disk-like recording
medium at the ending point of the n-th recording opera-
tion, during a reproducing operation between the n-th
recording operation and the (n+1)th recording opera-
tion.

12. A disk-like recording medium recording/reproducing
apparatus for performing a data recording operation and a
datareproducing operation to the disk-like recording medium
alternately, wherein the disk-like recording medium has spi-
ral or concentric tracks segmented 1nto a plurality of zones in
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accordance with a radial position, and the recording/repro-
duction process 1s executed from an inner periphery toward an
outer periphery within each zone and from the outer periph-
ery toward the inner periphery between the zones, compris-
ng:

an mput device which mputs a digitized video signal or
digitized audio signal continuously;

a switching signal generation circuit which generates a
switching signal for switching a recording operation and
a reproducing operation intermittently;

a compression circuit which time-base-compresses the
digitized video signal or the digitized audio signal which
1s inputted by the mput device;

a recording signal generation circuit which generates a
recording signal from an output signal from the com-
pression circuit;

a data recording circuit which writes the recording signal in
the disk-like recording medium, during a recording
instruction period of the switching signal;

a rotation control circuit which controls the rotation of the
disk-like recording medium in such a manner so as to
secure a predetermined rotational speed during a record-
ing period and to hold the same rotational speed 1n a
reproduction period as 1n the recording period;

a circuit reproducing a signal from the disk-like recording
medium; and

a reproducing signal processing circuit which performs a
reproducing operation according to a recording signal
generation process of the recording signal generation
circuit;

performs the recording operation within each zone at a
constant angular velocity, the angular velocity being
switched so that a linear velocity of the medium may be
substantially constant between the zones;

identifies whether a recording area at an ending point of an
n-th recording operation on the disk-like recording
medium, where n 1s a natural number, 1s continuous to a
recording area at a starting point of an (n+1) the record-
ing operation; and

in response to an i1dentifying result indicative of discon-
tinuation of the recording area in the identifying opera-
tion, changes the rotational speed of the disk-like record-
ing medium to a rotational speed at the starting point of
the (n+1)th recording operation, during a reproducing
operation between the n-th recording operation and the
(n+1)th recording operation; and

in response to an 1dentifying result indicative of continua-
tion of the recording area in the identifying operation,
holds the rotational speed of the disk-like recording
medium at the ending point of the n-th recording opera-
tion, during a reproducing operation between the n-th
recording operation and the (n+1)th recording opera-
tion.
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